Invasions were studied at different spatial scales, however these scales were rarely compared. The aim of this study is to compare the rate of expansion of eight alien plant species within the borders of the city with expansion in the whole country and to analyse changes in distribution of these plant species in the last 30 years. We hypothesised that at the scale of the city, despite of stronger human impact, invasion processes will perform in a similar way as at the scale of whole country. Distribution changes of Bidens frondosa, Conyza canadensis, Echinocystis lobata, Helianthus tuberosus, Impatiens parviflora, Reynoutria japonica, Solidago canadensis and S. gigantea in 1 km squares grid was examined in the Warta River Valley in Poznań (W Poland) in 2013 and compared to data collected during 1980-1984. All species increased their distribution within the study area. E. lobata had the highest increment of occupied grid squares (from 0 in 1980's to 28 in 2013), and S. gigantea had the lowest (from 8 to 9). Echinocystis lobata reached the highest invasion success, which results from species traits (hydrochory) and large propagule pressure from garden plots. Between species with different ecological traits residence time has relatively little influence on invasion success, however in cases of species with similar traits (S. canadensis and S. gigantea) residence time is a crucial factor determining invasion success. Although urban ecosystems are more vulnerable to biological invasions, this process occurs in a similar way as in the whole country. This similarity is connected with similar factors responsible for spread of invasive species: propagule pressure, time since introduction and spatial distributions of invasible habitats.
Introduction
River valleys are habitats which are particularly vulnerable to biological invasions. Resource (water, light, nutrients) availability, as well as frequent disturbances caused by floods, facilitate encroachment of several plant species, including alien species (DeFerrari and Naiman 1994; Hood and Naiman 2000; Richardson et al. 2007; . The river valleys in urban environments are especially endangered by invasive species, due to the important role of cities in biological invasions. This results from a high level of anthropogenic transformation of ecosystems (Pyšek and Prach 1993; Pyšek 1998; McKinney 2006; Knapp et al. 2010) and from high propagule pressure, as an effect of many ornamental alien species in cultivation in urban green areas (Pyšek 1998; McKinney 2006; Jarošík et al. 2011; Knapp et al. 2010; Kowarik et al. 2013; .
River regulation and building embankments caused lack of episodic flows, which were responsible for shaping the successional gradient. This gradient represents the range of successional stages from the most pioneer conditions near the river bank, where only some shrubs may exist, to river valley slopes, where persistence of the forest community has not been interrupted by floods and late-successional plant communities may occur (DeFerrari and Naiman 1994; Hood and Naiman 2000; Richardson et al. 2007) . River regulation increases the opportunities of invasion for many alien species of plants, especially those which benefit from ecosystem alteration (Cooper et al. 2003; Jagodziński and Maciejewska-Rutkowska 2005a , 2005b Catford et al. 2011; Dyderski and Jagodziński 2014; Dyderski and Wrońska-Pilarek 2015) .
Spread of alien plant species has two phases: slow increase of new localities (lag phase) and after that -quick spread and increase of new localities (log phase) (Kowarik 1995a; Lonsdale 1999; Kowarik et al. 2013) . Length of the lag phase, when invasion is hard to detect, depends on length of the life cycle of the organism -annual species spread faster than perennials, and particularly faster than woody species (Pyšek and Prach 1993; Kowarik 1995a; Groves 2006) . Moreover, Pyšek and Prach (1993) proved that river valleys may have different levels of importance among species during both invasive phases (lag and log). For example, for Heracleum mantegazzianum riparian habitats comprise 50 % of occupied habitats in the lag phase, but only 10 % during the log phase, while in the case of Impatiens glandulifera river valleys comprise 50 % of its habitats in both invasion phases.
Spread of invasive species has been studied at different spatial scales since the beginning of invasion ecology, when Elton (1958) showed examples of studies on spread of alien species of animals and plants in the USA and Europe. For example, Tokarska-Guzik (2005) described the spread of chosen neophytes in Poland (country scale), and prepared maps showing the main directions of migration. Tabacchi and Planty-Tabacchi (2003) studied the spread of alien tree and shrub species along the Adour River Valley in France. analysed the changes in frequencies of alien trees and shrubs in the Warta River Valley in Poznań. These papers emphasised the increasing numbers of alien species located in river valleys. Also, in the above mentioned cases, rivers were important and effective pathways for alien species which use them to spread into other sites (Pyšek and Prach 1993) .
Spatial scale of ecological process influences the number of potential predictors, rate, variety, possibility of increasing the number of replications and analytical approach. Processes studied at smaller spatial scales most frequently are explained by local factors, e.g. resource availability or physiological tolerance. In cases of bigger spatial scales, biogeographical factors, such as barriers, provide better explanations (Wiens 1989) . Thus, there is a need for research regarding processes at different spatial scales. For example, Heller et al. (2006) studied the Argentine ant (Linepithema humile) invasion in North Carolina (USA), proving that seasonal behaviour changes, connected with colony establishment, influenced the dynamics of this species at the landscape scale. Pauchard and Shea (2006) pointed out differences in dispersal mechanisms and influence of invasive species at different spatial scales. They also claimed that there is a need to study biological invasions at different spatial scales to better understand the interactions between processes at these scales.
The aim of this study is to analyse changes in distribution of the most frequent neophytes in the Warta River Valley in Poznań (Poland) between the years 1980-84 (Jackowiak 1993 ) and 2013. An additional aim is to compare the rate of expansion of the species studied within borders of the city with data from expansion for Poland as a whole (Tokarska-Guzik 2005) , to better recognize their spread mechanisms under strong human impact. We hypothesised that at the scale of the city, despite stronger human impact, biogeographic processes (i.e. expansion of alien species) will perform in a similar way as at the scale of the whole country.
Methods
The study covered the Warta River Valley in the administrative borders of Poznań City (Fig. 1) . Poznań is a city located in Western Poland (52°24′ N, 16°57′ E), with an area of 262 km 2 , and population of 550,700 (Statistical... 2013) . The city is located in the temperate climate and long-term meteorological observations showed that mean annual precipitation is 521 mm and mean annual temperature is 8.4°C (Statistical... 2013) . The study area has been under strong human impact since the 10th century, when first settlement was established on the island in the Warta River. This settlement transformed into a city in 1253 and strongly increased its development starting in the late 19th century (Jackowiak 2011) . The Warta River Valley runs a length of 23.3 km in Poznań and due to its ravine character is relatively narrow -widths vary from 200 to 1000 m . We assumed that the end of riparian terrace or artificial embankment was the edge of the river valley (Ratyńska 2001) .
We divided the studied area into 1 km grid squares. This grid was based on the ATPOL grid (Zając and Zając 2001) (Fig. 1) . The same grid was used by Jackowiak (1993) , who examined flora of the whole city in 1980-1984. The study was conducted within 34 grid squares. Although some of grid squares are on the city boundaries, one may be afraid that it may compromise results, however our previous experiences in this area (Dyderski and Jagodziński 2014; shows that vegetation and types of land cover in the northern part of the city (Fig. 1 ) are similar to those in southern part, i.e. depend on the same factors and are both shaped mainly by land-use changes, e.g. deforestation or settlement. Moreover, Kowarik (1995b) claims that although the city political border is not an ecological border, in studies on urban plant cover it is an advantage, which allows comparison of zones with different human impact. According to the Corine Land Cover Urban Atlas of Poznań (European Environment Agency 2009), five of 17 classes had the highest cover among studied squares: 'Agricultural + Semi-natural areas + Wetlands', 'Forests', 'Green urban areas' (for these latter two classes misinterpretations of some areas were corrected), 'Industrial, commercial, public, military and private units', and 'Urban >50 %' (two classes of urban cover combined: 'Continuous Urban Fabric, S.L. > 80 %' and 'Discontinuous Dense Urban Fabric, S.L.: 50 % -80 %)' (Fig. 2) .
Potential natural vegetation of the study area is composed of riparian forests with Salix spp., Populus spp. and Ulmus spp. and Quercus robur (Wojterski et al. 1982) . Actual vegetation is a complex of riparian forests, deciduous forest with Q. robur, Tilia cordata and Carpinus betulus, artificial tree stands of Pinus sylvestris and Robinia pseudoaccacia, spontaneous tree stands of Acer negundo, as well as reeds, meadows, grasslands and ruderal vegetation.
In September 2013 we collected data on distribution of the most frequent alien herbaceous plant species. Based on field exploration in previous years and previous literature records, we chose eight species which occurred most frequently: Bidens frondosa, Conyza canadensis, Echinocystis lobata, Helianthus tuberosus, Impatiens parviflora, Reynoutria japonica, Solidago canadensis and S. gigantea. All these species are considered invasive in the whole of Poland (Tokarska-Guzik et al. 2012) , as well as in the whole of Europe (Lambdon et al. 2008) . Plant nomenclature follows Flora Europaea (Tutin et al. 1964 (Tutin et al. -1993 . Maps of the species distributions were prepared using R software (R Core Team 2015).
Results
All species studied increased their range in the study area since the 1980s. The highest increment of occupied grid squares occurred for Echinocystis lobata, which was not recorded in the Warta River Valley in Poznań in the 1980s, but was found in 28 squares in 2013. The lowest invasion dynamic was for Solidago gigantea -it increased from 8 to 9 grid squares (Fig. 3) . In general, all species expanded their range among the grid squares and expanded into northern and southern, more forested areas, which were not invaded by them in the 1980s.
Bidens frondosa was recorded in 15 grid squares in the 1980s, mostly in the central part of the city (Fig. 4) . It was less frequent in the southern part of the city. In 2013 B. frondosa occupied the whole southern part of the city and appeared in the northern part of the Warta River Valley. The most frequently occupied habitat for this species was the bank zone, on the mud with plant communities of inundation-zone terophytes (Bidens spp., Rumex spp. and Atriplex spp.). B. frondosa was also present in reeds of Phalaris arundinacea, shrubs of Salix spp., as well as in riparian forests with Salix alba and S. fragilis and in anthropogenic sitesbetween concrete slabs, used to regulate the river channel in the central part of the city.
Conyza canadensis occurred in 18 grid squares in the 1980s, mainly in the central part of the city (Fig. 4) . The largest solid area of C. canadensis occurrence covers the part of the river regulated by concrete slabs. In 2013, this species occurred in 27 grid squares, increasing its range into northern and southern parts of the city. Most frequently C. canadensis occurred in ruderal vegetation, between concrete slabs and on the slopes of embankments, where it mainly co-occurred with Calamagrostis epigejos.
In the 1980s Echinocystis lobata was not recorded in along the river Poznań, and in the whole city was recorded in only two of 242 squares (Jackowiak 1993) . In 2013, E. lobata was recorded in 28 squares -the whole length of the Warta River Valley in Poznań. Most frequently this species was recorded in shrub communities of Salix triandra, S. viminalis and S. purpurea, in riparian forests with Salix alba and S. fragilis, as well as in spontaneous, monoculture stands of invasive Acer negundo. E. lobata was also recorded in forest edges, reeds of Phalaris arundinacea and in shrub communities with Prunus spinosa, Cornus sanguinea, and Euonymus europaeus. Among all species studied, E. lobata was recorded in the highest number of grid squares.
Helianthus tuberosus occurred in seven grid squares in the 1980s, mainly in the central part of the city (Fig. 4) . In 2013, this species was present in 18 grid squares, increasing its range into the southern part of the city. H. tuberosus was not recorded in the northern part of the city. Most frequently, this species occurred in small clumps with several specimens or in monoculture stands 20-50 m 2 in size. The most numerous stands of H. tuberosus were recorded in grid squares with plot gardens.
In the 1980s Impatiens parviflora was recorded in six grid squares, localized in the central part of the city and in a forest complex in the southern part of the city (Fig. 4) . In 2013, this species occurred in 22 grid squares, in both northern and southern parts of the city. In the central part of Poznań, its range was diffused. I. parviflora was the most numerous in grid squares with high fractions of forest area. This species was present in the understory of all types of forests in the study area.
Reynoutria japonica was recorded only in one grid square in the 1980s, in the southern part of the city (Fig. 5) . In 2013 this species was recorded in seven grid squares: in the southern part of the city, around the locality recorded in the 1980s and in the central part of the city. In the each grid square, R. japonica occurred in a single stand. Each of these stands had an area of 3- , and all of them occurred in ruderal habitats, mostly near bridges, paths and mounds of earth.
Solidago canadensis was recorded in six grid squares in the 1980s, in the southern and central part of the city (Fig. 5) . In 2013, this species was present in 29 grid squares, nearly the whole length of the Warta River Valley. Most of its localities were found in ruderal plant communities, dominated by Calamagrostis epigejos, on the slopes of embankments and as monoculture stands. Rarely, S. canadensis was recorded at the forest edges. Solidago gigantea was recorded in seven grid squares in central and southern part of the city in the 1980s (Fig. 5) . In 2013 this species was present in eight grid squares, mainly in the central part of the city, and was absent from some grid squares where it had been present in the 1980s. Most S. gigantea localities were in ruderal habitats, mainly on the slopes of embankments and as monoculture stands or in complex with S. canadensis. 
Discussion
All of the species studied in the Warta River Valley in Poznań extended their range during the last 30 years. This observation confirms both high efficiency of riverine valleys as invasion pathways and high invasibility of river valleys. This invasibility results from availability of necessary resources (water, light and nutrients), as well as from frequent disturbances which create new, empty habitats, without the limiting influence of competitors (Pyšek and Prach 1993; Davis et al. 2000; Hood and Naiman 2000; Richardson et al. 2007) . One may expect that if the main type of disturbance (i.e. episodic floods) were strongly limited by river regulation caused by the building of a reservoir dam in 1986 (Jeziorsko; 51°47′13″N 18°39′30″E), then the riparian ecosystem will have a lower proportion of pioneer conditions and lower occurrence of invasive species that take advantage of these conditions. On the other hand, some authors claim that limitation of river flows is a factor that facilitates the invasion of alien plant species (Cooper et al. 2003; Tabacchi and Planty-Tabacchi 2003; Catford et al. 2011; Greet et al. 2015) . This may be confirmed by studies conducted in the Warta River Valley on alien woody species - found that the most frequent woody alien species were species typical of mid-successional stages in their primary range -Acer negundo, Fraxinus pennsylvanica and Robinia pseudoacacia. Results of this study indicate that the range expansion of neophytes was observed not only in cases of species occurring mainly in frequently disturbed habitats (i.e. B. frondosa or C. canadensis), but also species connected with late-successional stages, such as I. parviflora. This suggests that limitation of river floods either facilitates the neophyte expansion or has no influence on it.
Until recently, Bidens frondosa was a not frequent element of the Warta River Valley flora. Its expansion theoretically would be limited by lower intensity of river floods, which shapes its optimal habitats -sandbanks and mud (Brzeg and Ratyńska 1983; Ratyńska 2001) . However, as a therophyte producing high numbers of seeds, B. frondosa realised the ruderal life strategy, which allowed this species to colonize anthropogenic habitats and forest edges. The first locality of this species in Poznań was found in 1959 (Jackowiak 1993) . Brzeg and Ratyńska (1983) found that in 1960 B. frondosa had only two localities in Poznań. This species was not recorded by Krawiecowa (1951) , who found occurrence of B. connata, a related congeneric species, which also comes from North America. This species was expected to increase its invasion after 1945, however Jackowiak (1993) did not confirm the localities found by Krawiecowa (1951) and found this species only in one grid square, outside the Warta River Valley.
Bidens frondosa displaces the native congeneric species -B. tripartita (Urbisz et al. 2009; Dyderski and Jagodziński 2014) . Jackowiak (1993) recorded B. tripartita in 15 grid squares in the Warta River Valley in 1980s, and 61 squares in the whole city, whereas B. frondosa in the whole city was recorded only in 29 grid squares. The large decrease of B. tripartita distribution (found only in two grid squares) may indicate competitive displacement of native species by the alien. B. tripartita reaches a lower height than B. frondosa (Rutkowski 2011) , and requires insect pollination, whereas B. frondosa is most frequently self-pollinated (Klotz et al. 2002) . Most probably these traits may be responsible for the invasion success of B. frondosa.
Conyza canadensis is a species connected with ruderal habitats and very common in Poznań city. In the 1980s C. canadensis occurred in 70 % of grid squares in the whole city, as a widely distributed kenophyte (Jackowiak 1993; Jackowiak 2011) as well as in the whole of Poland (80.3 % of ATPOL 10 × 10 km grid squares) (Tokarska-Guzik 2005) . In Poznań C. canadensis was recorded from the year 1850, mainly on ruderal sites (Krawiecowa 1951; Jackowiak 1993 ). In the study area this species occurred frequently, but its stands were not numerous. Most often its stands were found in ruderal sites, consistent with C. canadensis life strategy (Klotz et al. 2002) . Probably the success of this species is largely determined by relatively long (according to the length of C. canadensis life cycle) time since introduction, similar to the case of woody invasive species studied by Pyšek et al. (2009) .
Echinocystis lobata is one of the relatively new adventives species in Poland -with the first occurrence in 1937. However E. lobata has recently started to spread (Tokarska-Guzik 2005) . In Poznań this species was not recorded before 1980 (Jackowiak 1993) , and in 1980-84 it occurred in only two grid squares (with distances of 3 and 4 km from the Warta River Valley). The first locality of E. lobata in the study area was the central/northern part of the city (KluzaWieloch et al. 2005) and in 'Dębina' forest in the southern part of the city (2006 unpbl. obs.) . Both places are located near garden plots, which are the main sources of this species' invasions in Europe (DAISIE 2007; Dajdok and Kącki 2009) . Therefore, probably ornamental cultivation of this species causes high propagule pressure, which is one of the most important factors determining the strength of biological invasions (Lonsdale 1999; Lockwood et al. 2005; Křivánek et al. 2006; Pyšek et al. 2009; Zając et al. 2011) . As a liana, E. lobata is able not only to occur in open plant communities (e.g. reeds and forest edges), but also liana communities (with Humulus lupulus, Calystegia sepium and Cuscuta spp.), shrub communities and riparian forests with Salix alba and S. fragilis (Dyderski and Jagodziński 2014 ). E. lobata shows similar invasion dynamics in the Polish Carpathians -with high growth in number of localities after 1990 (Zając et al. 2011) , and is very invasive in other river valleys in Central Europe (Tokarska-Guzik 2005; DAISIE 2007; Dajdok and Kącki 2009) .
Helianthus tuberosus is a species connected with open habitats, similar to C. canadensis. Krawiecowa (1951) mentioned that H. tuberosus occurred in Poznań since 1850, but it was frequently planted by German occupation authorities during World War II and around 1943 this species started expansion, mainly into anthropogenic sites. In the 1980s this species occurred in scattered locations throughout the city, in 87 of 242 grid squares (Jackowiak 1993) . A rapid rise in number of localities also occurred at the whole country scale in Poland during the second half of the 20th century (Tokarska-Guzik 2005) . H. tuberosus is a species which reproduces both generatively and vegetatively, and with high regeneration abilities (Bzdęga et al. 2009 ), which is a good adaptation to frequent disturbances in river valleys (Richardson et al. 2007 ). Lack of this species in the northern part of the city may be explained by the high fraction of forested areas there, whereas this species most frequently was recorded in open sites -in ruderal and forest edge vegetation, but not in riparian forests (Bzdęga et al. 2009; Żołnierz et al. 2011) . Therefore, despite the high dispersal success and invasive potential of H. tuberosus, it will probably not invade riparian forests.
Impatiens parviflora is a widely-dispersed therophyte, which is able to invade most forest plant communities (Tokarska-Guzik 2005; Zerbe and Wirth 2006; Chmura 2014) . In the study area, I. parviflora occurred in all types of forest plant communities (Ratyńska, 2001; Dyderski and Jagodziński 2014; Dyderski and Wrońska-Pilarek 2015) , being a frequent and persistent understory element. Ability to tolerate forest understory conditions combined with effective dispersal, makes I. parviflora a highly successful invader. Moreover, grid squares with new I. parviflora localities, are mostly those with high fraction of forested area. I. parviflora was not recorded in riparian forests with Salix alba and S. fragilis in the Lower Oder River Valley (Borysiak 2004) and in the Warta River Valley (Borysiak 1994) . In Poznań, this species was recorded for the first time in 1927, and in the 1950s it spread only to anthropogenic sites (Krawiecowa 1951) . In the 1980s this species was present in parts of the forest plant communities in the Warta River Valley in Poznań (Ratyńska 2001) . At the whole country scale, the exponential phase of Impatiens parviflora invasion also started after the 1970s (Tokarska-Guzik 2005; Chmura 2014).
Reynoutria japonica was first recorded in Poznań in 1949. In the 1980s, in the whole city this species was present in 12 of 242 grid squares (Jackowiak 1993) . At the whole Poland scale, the highest increment in number of localities occurred after 1960 (Tokarska-Guzik 2005) . R. japonica is considered one of the most potentially damaging invasive plant species (Bailey et al. 1996; Mandák et al. 2004; Tokarska-Guzik 2005; Sîrbu and Oprea 2008; Tokarska-Guzik et al. 2012 ). Therefore, a relatively small rate of invasion may be an effect of low spread efficiency, or R. japonica may not yet have reached the exponential increase phase for number of localities (i.e. still in invasion lag-phase). The latter may be confirmed by the highly dynamic spread of this species in other localities (Bailey et al. 1996; Mandák et al. 2004) , especially in Carpathian river valleys (Zając et al. 2011) .
Between the two species of Solidago studied (S. canadensis and S. gigantea) there is a difference in dispersal success -S. canadensis occupied more grid squares. Both species were recorded for the first time in Poland in the second half of the 19th century. At the scale of the whole country, S. gigantea was found in 45.7 % of ATPOL grid squares, and S. canadensisin 34.4 %. Both species increased their range after 1970 (Tokarska-Guzik 2005) . Detailed study conducted by Szymura and Szymura (2013) in SW Poland, showed that S. gigantea was more numerous than other species of Solidago. S. canadensis and S. gigantea have very similar biologies, however they differ in urbanity indicator - Klotz et al. (2002) found that S. gigantea is a moderately urbanophobous species and that S. canadensis is urbanoneutral. However, distribution of both species in the whole city in 1980 did not indicate these differences -S. gigantea was more numerous (68 of 242 grid squares) than S. canadensis (64 grid squares) (Jackowiak 1993) . The reason for higher success of S. canadensis in the study area may be longer residence time in Poznań. S. canadensis was first recorded in the city in 1928, whereas the first record of S. gigantea came in 1947 (Jackowiak 1993) . Length of residence time is significant for spread of invasive species -the probability that the log phase of invasion will start increases with the length of residence time (Kowarik 1995a; Sukkop and Wurzel 2003; Lockwood et al. 2005; Groves 2006; Křivánek et al., 2006; Pyšek et al. 2009 ). Szymura and Szymura (2013) claimed that predominance of one Solidago species over another is an effect of earlier establishment in the site of interest, which may explain the success of S. canadensis.
High frequency of invasive plant species which are not related to riparian forests, probably result from strong deforestation of the Warta River Valley and the extent and distribution of ruderal vegetation. Moreover, species which invade forest plant communities (B. frondosa, E. lobata, I. parviflora) occur also in ruderal and forest edge vegetation. This indicates a hierarchy of invasiveness -the above mentioned species seem to be more invasive than species which may have more extensive ranges and longer residence times (e.g. Conyza canadensis), but are not able to invade more natural ecosystems (e.g. riparian forests). This assumption may show that species traits which facilitate range expansion (e.g. hydrochory or anemochory) are more important variables responsible for invasion success than residence time. This differs from the results of Pyšek et al. (2009) , who found that residence time is one of the most important predictors of invasion risk. Most probably this difference between studies may be attributed to shorter length of lag phase of herbaceous invasive plants studied here, compared to woody species in the other study (Pyšek and Prach 1993; Kowarik 1995a) . On the other hand, differences in number of grid squares occupied by both Solidago species (S. canadensis and S. gigantea) indicate that longer residence time may be important for invasion. Probably, in the case of these two congeneric species, with similar biology and functional traits, earlier emergence in the site under consideration may be crucial for invasion success.
Dynamics of the species invasions studied seem to depend on time since introduction and previously occupied area. As mentioned above, the species studied appeared in the Warta River Valley at different times. Those species which were first recorded in the first half of 19th century did not reach a relatively high increase of occupied grid squares number, which may be connected with the fact that they have established in most of the suitable areas; thus their range expansions may be not be in the first stage of invasion, but rather in late stages where there are few opportunities to colonize additional sites. In case of the recently found invasive species (i.e. Echinocystis lobata), its spread is in the log-phase of invasion (Kowarik 1995a) , and probably will stop when they have occupied most of the suitable habitats.
At scales of both the whole country scale and of Poznań, ornamental use was a very important factor determining spread of the species studied (Pyšek et al. 2009; Kowarik et al. 2013) . Grid squares where garden plots and parks were present, were often the places of first escape or release for invasion events. Although garden plots are usually smaller than parks, this type of urban greening is richer in alien species (Speak et al. 2015) . Their locality in the river valley facilitates naturalization of alien plants. The same pattern was found in the Warta River Valley for the case of woody alien plants , where most of the alien species found were introduced for ornamental purposes.
The central part of the study area, which is also the city center, is the most invaded part of the city. This is connected with a stronger anthropogenic disturbance regime, which in turn facilitates the occurrence of alien plant species (Kowarik 1995b) . Although the city center of Poznań is close to the river, it is not the part of the city most covered by buildings and pavement (Fig. 2) . However, it is the part of the Warta River Valley most frequently visited by inhabitants and tourists, which confirms the positive relationship between number or proportion of alien species and human population size, expressed as number of inhabitants or number of visitors in national parks (Pyšek 1998; Lonsdale 1999) . Moreover, the central part of the study area has a relatively high (20-40 %) cover of industrial land-use type (Fig. 2) , which is considered a suitable habitat for alien plant species (Kowarik 1995b) . Forests in the northern part of the city, which is less covered by urban fabric than the city center and southern part, were the least invaded by the species studied. This may also be an effect of later incorporation of the northern part into the city than the southern part. Thus, these results may lead to the assumption that quantifying the effect of urbanity is very difficult, because it results not only from distance to city center and cover of buildings, but also from time since urbanization and cover of other land-use forms.
In the study area, the phenomena described at a smaller spatial scale correspond to those at a larger spatial scale. Urban ecosystems are more vulnerable to biological invasions than other areas (Pyšek 1998; McKinney 2006; Knapp et al. 2010; Jarošík et al. 2011; Williams et al. 2015) . Thus, one may expect that rate of invasive species spread would be higher and different mechanisms would drive this process. In the Warta River Valley, rates and patterns of the invasive species studied are similar to those described at the scale of the whole country (Tokarska-Guzik 2005) . The similarities were found for both similar timing of quick increase in number of localities occupied and dynamics since introduction, as well as for similar factors responsible for their spread: occurrence of effective propagule sources (e.g. green areas, gardens) and spatial distributions of invasible habitats, which are crucial harbours for them, especially in early invasion stages.
Conclusions
In the last 30 years, all species studied extended their range into new localities, but their dispersal success was different -number of new grid squares among species ranged from 2.9 % to 82.3 % of all grid squares. Echinocystis lobata reached the highest invasion success, which resulted from species traits (hydrochory) and large propagule pressure in garden plots. In the case of goldenrods, the predominance of Solidago canadensis over S. gigantea most probably was an effect of longer residence time in the study area. Most of the species studied occurred mainly in open habitats in ruderal vegetation with Calamagrostis epigejos and slopes of embankments. However, some of them were able to invade the understory of riparian forests (Bidens frondosa, Echinocystis lobata and Impatiens parviflora), being a threat to the most precious ecosystems of the study area. Although urban ecosystems are more vulnerable to biological invasions, this process occurs in a similar way as in the whole country, which suggests that invasion of alien species of plants occurs in a similar way in both smaller (river valley in the city) and larger (whole country) spatial scales. This similarity is connected with similar factors responsible for spread of invasive species: propagule pressure, time since introduction and spatial distributions of invasible habitats.
